Introduction
============

Tumor necrosis factor receptor (TNFR)-associated factors (TRAFs) are emerging as essential components of signaling pathways in adaptive and innate immunity [@B1]. A wide range of signal pathways are mediated by TRAFs involving activation of nuclear factor κB (NF-κB), mitogen-activated protein kinase (MAPK) or Toll-like receptors (TLRs) cascades [@B2], [@B3]. In recent years, there has been great interest in the roles of TRAF3 and TRAF5 play in cells of the immune system [@B4]. TRAF3 and TRAF5 share a common ancestral gene and are therefore homologous [@B5]. It is shown that TRAF5 plays an important role in B cell function, which requires TRAF3 to associate with endogenous LMP1 in B cells [@B6]. Although TRAF3 and TRAF5 are all involved in NF-κB activation, it seems that TRAF5 participates in the regulation of canonical and non-canonical NF-κB pathways [@B7], whereas TRAF3 is mainly involved in the control of non-canonical NF-κB signaling and has not been reported to contribute to the canonical pathway. Thus, additional roles for TRAF3 and TRAF5 associations are to be forthcoming.

TRAF3 and TRAF5 signals elicit immune responses and have important implications for disorders such as inflammatory bowel disease. In the colon and small intestine of experimental rats induced by trinitrobenzene sulfonic acid (TNBS), both TRAF3 and TRAF5 were overexpressed in the colon, while only TRAF5 increased in the small intestine of the experimental rats [@B8]. It seems that overexpression of TRAF5 induces expressions of adhesion molecules or inflammatory factors that contribute to the pathogenesis of inflammatory bowel disease. On the other hand, increased expression of TRAF3 may promote an exacerbated activation and survival of T cells, which may explain the inflammation and tissue damage in inflammatory bowel disease. Thus, TRAF3 and TRAF5 may play different roles in the pathogenesis of inflammatory bowel disease.

To date, the roles of TRAF3 and TRAF5 play in the inflammatory pathway is still debated. No evidence indicates expressions of TRAF3 and TRAF5 in human samples. The aim of the present study is to explore the potential roles of TRAF3 and TRAF5 in patients with inflammatory bowel disease. For this purpose, protein and gene levels of TRAF3 and TRAF5 expressions were detected in blood and tissue samples.

Materials and Methods
=====================

Patients and Samples
--------------------

This retrospective case-control study was approved by the Research Ethics Committee of Renji Hospital, Shanghai Jiao-Tong University, School of Medicine. Written informed consents were obtained from all patients and healthy controls. All specimens were handled anonymously according to legal and ethical standards.

All patients were included based on clinical, endoscopical, and pathological proven by at least three gastroenterologists and diagnosis was not changed after at least 3 months of follow-up. Pregnancy, previous history of colon resection for ulcerative colitis, disease arising at only the small intestine, poor bowel preparation as visible area of intestinal mucosa \<90%, and use of steroids or immunosuppressants before sampling were used as exclusion criteria.

Blood samples were obtained from subjects refrained from food or beverages for at least 12 hours before collection. Four tissue specimens were collected from patients with inflammatory bowel disease and 2 tissue specimens were collected from healthy controls during the endoscopy, respectively. Two areas of inflamed colonic segments and two areas of normal mucosal segments which were at least 5cm away from the lesions were obtained from patients with inflammatory bowel disease. Specimens met the criteria established by Elmunzer [@B9], and specimens were snap frozen in liquid nitrogen within 10 mins after biopsy.

Enzyme-linked Immunosorbent Assay (ELISA)
-----------------------------------------

Blood samples were collected in commercially EDTA-treated tubes (Gongdong Medical Technology Co., Ltd). Plasma was obtained by centrifugation for 15 minutes at 2,000×g using a refrigerated centrifuge. Samples were stored at -80℃. Plasma levels of TRAF3 and TRAF5 were analyzed using commercially available ELISA kit (ADL, San Diego CA, USA) according to the manufacturer´s protocol. Specimens and standards were dispensed into appropriated wells and 50 μl of Enzyme Conjugated Reagent was dispensed into each well. Wells were incubated at 37℃ for 60 minutes after gently mixing. The incubation mixture was removed and the microtiter wells were rinsed 5 times. 50μl of color A and color B Reagent were dispensed into each well. Stop Solution was added to each well. A microtiter plate reader was used to read the absorbance at 450 nm.

Quantitative Real-time PCR (qRT-PCR)
------------------------------------

Peripheral blood mononuclear cells (PBMCs) were isolated from whole blood for subsequent RNA analysis using Lymphoprep™ reagent (Axis-Shield PoC AS). Total RNA in PBMCs and colon tissues were isolated using TRIzol® Reagent (Ambion) according to the manufacturer´s protocol. All primers were synthesized at Invitrogen after design with PRIMER 5.0 (ABI). The primer set for TRAF3 was 5\'-CTCACAAGTGCAGCGTCCAG-3\' (forward) and 5\'-GCTCCACTCCTTCAGCAGGTT-3\' (reverse), with a product of 188 bps. The primer set for TRAF5 was 5\'- CTGTGCTGTAACGGATAAACGG-3\' (forward) and 5\'- TAGCTGCTGGATTTTACTTTCTTTC-3\' (reverse), with a product of 160 bps. GAPDH was used as the internal control and the primer set was 5\'-GTGAAGGTCGGAGTCAACGG-3\' (forward) and 5\'-CCTGGAAGATGGTGATGGGAT-3\' (reverse), with a product of 226 bps. For gene-specific RT-PCR, first strand synthesis was performed with PrimeScript^TM^ RT reagent Kit (TaKaRa) following the manufacturer\'s specifications. Reverse transcriptions were performed at 37°C for 15 minutes and 85°C for 5 seconds. Quantitative real-time PCRs were done on a StepOne Plus device (Applied Biosystems) with SYBR Premix Ex Taq™ kit (TaKaRa). PCR amplification was carried out at 95°C for 10 seconds followed by 40 cycles of 95°C, 5 seconds and 60°C for 20 seconds. Data were analyzed by 2-ΔΔCt method [@B10].

Western Blot Analysis
---------------------

For Western blot analysis, proteins were isolated with Mem-PER® Membrane protein extraction reagent kit (Pierce) from frozen colonic tissues. The protein content of the samples was determined using Pierce® BCA Protein Assay Kit (Pierce). Equal amounts of 15ug protein were separated electrophoretically on 10% SDS-polyacrylamide gels and transferred onto polyvinylidene difluoride membranes (Roche). Thereafter, the membranes were sequentially probed with primary and secondary antibodies. Briefly, the membranes were probed with rabbit polyclonal anti-human TRAF3 (Santa Cruz, 1:1000), rabbit polyclonal anti-human TRAF5 (Santa Cruz, 1:1000) and mouse monoclonal anti-human β-actin (Santa Cruz, 1:2500). The expression levels of TRAF3 and TRAF5 were determined by incubating the membranes with goat anti-rabbit IgG-HPR (Santa Cruz, 1:10000) according to the manufacturers\' instruction. After secondary antibody incubation and wash, the protein bands were visualized using SuperSignal® West Pico Chemiluminescent Substrate (Pierce).

Statistical Analysis
--------------------

For statistical analysis, GraphPad Prism 5.0 for Windows (GraphPad Software, San Diego CA, USA) was used. Data is expressed as mean and 95% confidence intervals (CIs). P values were considered statistically significant when less than 0.05. Discrete variables were presented as frequency and a two-sided Fisher\'s exact test or Х^2^ test was performed to analyze associations between TRAFs\' expressions and clinical parameters. Multiple group comparisons were done by one-way ANOVA and posthoc analysis when significantly different.

Results
=======

Characteristics of Included Subjects
------------------------------------

A total of 40 patients with Crohn\'s disease, 42 patients with ulcerative colitis, and 40 healthy controls were enrolled in this study from February 2007 to February 2010. The characteristics of these enrolled subjects are summarized in Table [1](#T1){ref-type="table"}. Patients with Crohn\'s disease or ulcerative colitis exhibited significantly lower body mass index than healthy controls (*P*\<0.0001). The number of smoker is significantly higher in patients with ulcerative colitis than in Crohn\'s disease (*P*=0.0023). However, no significant differences were found between patients and healthy controls in either age or gender.

Soluble TRAF3 and TRAF5 increase in plasma of patients with Crohn\'s disease and ulcerative colitis
---------------------------------------------------------------------------------------------------

We examined the expressions of soluble TRAF3 and TRAF5 in plasma of patients with Crohn\'s disease and ulcerative colitis. The protein levels of TRAF3 and TRAF5 were significantly higher both in patients with Crohn\'s disease and ulcerative colitis than in healthy controls (Fig [1](#F1){ref-type="fig"}A and [1](#F1){ref-type="fig"}B). However, only soluble TRAF5 showed a weak correlation with endoscopic disease activity index (Baron score) in patients with ulcerative colitis (spearman\'s *r*=0.358, *P*=0.022). And no significant differences were found in protein expressions of soluble TRAF3 and TRAF5 between patients with Crohn\'s disease and patients with ulcerative colitis.

TRAF3 and TRAF5 gene expression increase in peripheral blood mononuclear cells
------------------------------------------------------------------------------

Peripheral blood mononuclear cells were isolated to determine the gene expressions of TRAF3 and TRAF5. Copy number of mRNA for each gene was accessed using quantitative real-time PCR. The gene expressions of TRAF3 and TRAF5 were significantly higher both in patients with Crohn\'s disease and ulcerative colitis than in healthy controls (Fig [1](#F1){ref-type="fig"}C and [1](#F1){ref-type="fig"}D) (all *P*\<0.0001), which were similar to protein expressions in plasma of patients.

Up-regulation and pre-activation of TRAF3 and TRAF5 proteins in colonic tissues of patients with Crohn\'s disease and ulcerative colitis
----------------------------------------------------------------------------------------------------------------------------------------

It is clear that inflammatory bowel disease exhibits segmental changes in the inflammatory colon. When appropriate methods used to analyze intestinal mucosa, even intestinal segments in remission can appear microscopic colitis [@B11]. Therefore, we compared the protein expressions of TRAF3 and TRAF5 both in inflamed and non-inflamed intestinal mucosa in patients with inflammatory bowel disease. 40 healthy controls, 32 patients with Crohn\'s disease and 30 patients with ulcerative colitis were included. Three patients with ileitis in Crohn\'s disease group and 9 patients with pancolitis were excluded. Five patients with Crohn\'s disease and 3 patients with ulcerative colitis refused to provide colonic tissue samples. Tissue samples from inflamed and non-inflamed intestinal mucosa were isolated and TRAF3 and TRAF5 proteins were measured via western blot analysis (Fig [2](#F2){ref-type="fig"}). It was found that TRAF3 and TRAF5 expressions were significantly higher in inflamed intestinal mucosa of patients than in non-inflamed intestinal mucosa and normal mucosa of healthy controls (Fig [3](#F3){ref-type="fig"}A and [3](#F3){ref-type="fig"}B). Furthermore, TRAF3 and TRAF5 expressions were also significantly higher in non-inflamed intestinal mucosa of patients with Crohn\'s disease and ulcerative colitis than in normal mucosa of healthy controls, which may indicate potential pre-activation of TRAF3 and TRAF5 proteins in colonic tissues of patients with Crohn\'s disease and ulcerative colitis.

Up-regulation and pre-activation of TRAF3 and TRAF5 gene expression in colonic tissues of patients with Crohn\'s disease and ulcerative colitis
-----------------------------------------------------------------------------------------------------------------------------------------------

The gene expressions of TRAF3 and TRAF5 were determined using quantitative real-time PCR. Similar to protein expressions, TRAF3 and TRAF5 gene expressions were significantly higher in inflamed intestinal mucosa of patients than in non-inflamed mucosa and normal mucosa of healthy controls (Fig [3](#F3){ref-type="fig"}C and [3](#F3){ref-type="fig"}D). TRAF3 and TRAF5 gene expressions were also significantly higher in non-inflamed intestinal mucosa of patients with Crohn\'s disease and ulcerative colitis than in normal mucosa of healthy controls.

Discussion
==========

Inflammatory bowel diseases present as life-long recurring inflammatory disorders of the gastrointestinal tract mediated by mucosal immune abnormalities [@B12]. The natural course of disease can range from prolonged periods of remission to aggressive, incapacitating disease [@B13]. In another sense, Crohn\'s disease and ulcerative colitis can be characterized by segmental inflammation of the gut [@B14]. Unaffected intestine may also show inflammatory changes with progression of disease. Thus, our present study attempts to give several aspects for TRAF3 and TRAF5 pre-activation in non-inflamed colonic segments and plasma. There are several reasons why TRAF3 and TRAF5 pre-activation show critical roles in inflammatory bowel disease. First, TRAF3 and TRAF5 expression can identify individuals at risk for the disease and can be disease specific. Combination of TRAF3 and TRAF5 pre-activation has a prognostic value towards relapse or recurrence of inflammatory bowel disease. Second, analysis of TRAF3 and TRAF5 expression can not only facilitate clinician\'s choice of the optimal initial therapy but may also be useful for adjusting treatment. For instance, patients in remission with combination therapy who have a low TRAF3 and TRAF5 expression in non-inflamed colonic segments and plasma may be able to de-escalate to a single-agent regimen. However, patients in remission with high TRAF3 and TRAF5 expression in non-inflamed colonic segments and plasma present probability of relapse or disease progression, which possibly increases the duration for maintaining remission. Therefore, pathogenesis predicting which group of patients is more susceptible to developing severe intestinal lesions is important for choosing suitable treatment strategies.

TRAFs originally emerged as signal transducing molecules for the TNF receptor superfamily members [@B15]. Recently, it has been recognized that TRAFs is crucial for the activation of downstream immune response genes and proteins [@B16]. TRAF5 is structurally similar to TRAF3. However, TRAF3 is constitutively expressed in most cell types, whereas TRAF5 is mainly expressed in immune cells. Moreover, TRAF3 and TRAF5 are found to be involved in different signaling pathways, including NF-κB, MAPK, TLRs and IL-1R families. It is found that both TRAF3 and TRAF5 were overexpressed in colon of experimental rats, while only TRAF5 was overexpressed in the small intestine [@B8]. To our knowledge, we are the first to measure the levels of TRAF3 and TRAF5 in patients with inflammatory bowel disease. Our data indicate that TRAF3 and TRAF5 are overexpressed in plasma, PBMCs and colonic mucosa of patients with inflammatory bowel disease. Potential pre-activation of TRAF3 and TRAF5 is detected in non-inflamed colonic tissues of patients with Crohn\'s disease and ulcerative colitis. Initial expression experiments suggest that TRAF3 plays negative regulatory roles in CD40-stimulated classical NF-κB signaling and TNFR-induced MAPK activation [@B17],[@B18]. However, based on more recent evidence it appears that TRAF3 is involved in both positive and negative regulatory functions of immune and inflammatory responses. Consistent with results from TRAF3-deficient mice, patients with reduced TRAF3 levels exhibit defects in type I IFN expression, which indicates that TRAF3 has an essential role in type I IFN induction and immunity [@B19]. A key insight into TRAF3 function was provided in that TRAF3 is constitutively bound to NF-κB inducing kinase (NIK), an essential activator of the alternative NF-κB pathway in unstimulated B cells for regulation of homeostasis [@B20]. Thus, overexpression of TRAF3 might be an outcome of feedback inhibition that restrains B-cell survival in inflammatory bowel disease instead of serving as a negative regulator of BAFF receptor (BAFF-R). Interestingly, B-cell activation by the cytoplasmic tail of latent membrane protein 1 (LMP1) is TRAF3 dependent on recruiting TRAF5 to the LMP1 signaling complex [@B21],[@B22]. Although TRAF3 is suppressed in cellular survival pathways of B cells, evidence suggests that T cells deficient in TRAF3 might be dysfunctional [@B23]. In early stages of T-cell signaling, TRAF3 is needed by TCR and CD28 signaling complex for costimulation with anti-CD3 and anti-CD28 antibodies, which subsequently induces TCR/CD28-mediated early signaling events [@B24]. Therefore, as discussed above, it is now assumed that overexpressed TRAF3 may act as feedback activation in T cell and B cell signaling.

TRAF5 was been shown to interact with TRAF3 in recruitment to NF-κB, CD40 or LMP1 pathways via homotypic multimers or heterotypic multimers [@B25],[@B26], sparking our interest in the combined analysis of TRAF3 and TRAF5. TRAF5 is mainly expressed in immune cells and participates in the regulation of NF-κB, JNK and interferon-regulated factor (IRF) signaling pathways [@B27],[@B28]. Furthermore, TRAF5 can be considered a positive regulator of signaling downstream of costimulatory molecules as CD 27 and CD30 [@B29],[@B30]. Meanwhile, abnormal NF-κB, JNK and IRF signaling pathways lead to deregulation of the inflammatory response and induction of immune defense, which play important roles in pathogenesis of inflammatory bowel disease [@B31],[@B32]. Additionally, JNK activation, Akt phosphorylation, and the expression of IL-6, TNFα and IL-17 of splenic B cells are significantly decreased in LMP1^+^TRAF5^-/-^ mice compared to LMP1^+^TRAF5^+/+^ mice [@B33]. LMP1-transgenic mice also exhibit B-cell hyperactivity. LMP1 excessively activates CD40 signaling as a functional mimic of CD40, which contributes to the pathogenesis of human autoimmune disease [@B34]. These results indicate that TRAF5 may be essential for LMP1-mediated signaling.

To conclude, TRAF3 and TRAF5 are overexpressed in inflammatory bowel disease. Although the endoscopic appearance can be normal, potential pre-activation of TRAF3 and TRAF5 is detected in non-inflamed colonic segments. Though there are still doubts regarding the function of TRAF3 and TRAF5, they are emerging as important regulators of immune cells in autoimmune diseases. Besides, TRAF3 and TRAF5 show potential roles in predicting aggressive disease, which can be used to evaluate response to treatment, choose therapeutic agents and treatment strategies. However, mechanisms responsible for segmental inflammation in inflammatory bowel disease remain to be fully understood. Thus, further mechanisms of TRAF3 and TRAF5 signaling in inflammatory bowel disease will be valuable for understanding TRAF3-TRAF5 interaction and segmental lesions in the pathogenesis of inflammatory bowel disease.
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###### 

Characteristics of Included Subjects.

                         CD (*n*=40)                UC (*n*=42)                HC (40)
  ---------------------- -------------------------- -------------------------- ---------------------
  Gender (Female/Male)   21/19                      20/22                      20/20
  Age (years)            33.58(28.87-38.28)         41.64(37.18- 46.10)        35.48(30.06- 40.89)
  BMI (kg/m^2^)          19.29(18.81-19.76)\*\*\*   20.00(19.41-20.59)\*\*\*   22.84(22.10- 23.58)
  Smoking (Yes/No)       8/32                       22/20 \*\*                 No data
  Extent                                                                       
  Ileitis                3                                                     
  Ileocolitis            15                                                    
  Colitis                22                                                    
  Proctosigmoiditis                                 13                         
  Left sided colitis                                20                         
  Pancolitis                                        9                          
  Endoscopic Score†      3.200(1.650- 6.000)        2.000(1.000- 3.000)        

CD, Crohn\'s disease; UC, ulcerative colitis; HC, healthy controls; BMI, body mass index; \*\*\*, *P*\<0.0001, significance is the difference from healthy controls; \*\* , *P*\<0.01, significance is the difference from patients with Crohn\'s disease; †, values are medians and 25% -75% percentile, simplified endoscopic score in Crohn\'s disease (SES-CD) is used to validate endoscopic severity in Crohn\'s disease, and Baron score is used to validate endoscopic severity in ulcerative colitis respectively.
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